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Drinking water and wastewater industries are facing a nationwide workforce 
shortfall of qualified treatment plant operators due to factors including the en masse 
retirement of baby boomers and the tightening of regulatory requirements regarding the 
hands-on experience required prior to licensure.  Rural areas are hardest hit due to the 
lack of educational and experiential opportunities available to them within a reasonable 
proximity.  Using a variety of demographic and industry data, a geographic analysis of 
Kentucky was conducted to assess the viability of the traditional classroom delivery 
model versus a hybrid experiential and distance learning educational model (HEDLEM).  
Although this analysis indicates that population density is the dominant indicator for most 
of the parameters used in this study, the bulk of the workforce needs in the state are 
distributed throughout rural areas with lower population densities.  While the number and 
geographic distribution of community colleges in the state would appear to support the 
viability of campus-based workforce development programs, this study demonstrates the 
limitations of this model in addressing the needs of the water and wastewater workforce, 
where a significant workplace-associated experiential requirement exists.  This limitation 
is exaggerated in rural areas, which have a demonstrated statewide need.  This study 
indicates that a sufficient recruitment pool exists for the program based on the anticipated 
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needs of the industry.  Therefore, this study’s hypothesis, that a combination of on-line 
instruction and localized experiential programs is a viable option for operator education 
in rural areas in Kentucky, appears to be validated based on the analysis of available data.  
With the validation of HEDLEM for provision of education to the water operations 
industry in Kentucky, this model could potentially be replicated nationwide, and adopted 
by educational institutions throughout the country to provide the necessary experiential 
components through local utilities.  In addition to the water industry, HEDLEM could be 
extrapolated for use in other career fields that require both an experiential and 
educational component, particularly in geographic areas where distance learning is a 
viable option.  
 1 
Introduction 
 
This research looks at the availability of education and training for rural students 
in the applied sciences, specifically focusing on the drinking water and wastewater 
industries.  Small communities need qualified treatment plant operators, particularly with 
the upcoming ‘brain drain’ as baby boomers begin to retire from these industries.  Since 
nearly every community has a centralized water treatment plant that requires a licensed 
operator, these workforce needs are geographically dispersed, and therefore present a 
challenge to educators.  The purpose of this research is to identify the water resource 
training needs for the Commonwealth of Kentucky, and whether or not those needs can 
be met by traditional classroom delivery models, by applying geospatial techniques.  
These research efforts are focused on Kentucky, using a scalable approach that can be 
widened to a national scope as the need for, and availability of, distance education grows.  
This type of geospatial analysis could also be replicated to encompass other areas of rural 
workforce needs that require an experiential component, such as law enforcement and 
fire fighting.  It is anticipated that the outcomes of this study will have both scholarly 
importance to environmental educators and rural geographers, as well as practical 
importance to the drinking water and wastewater industries. 
Provision of adequate water and wastewater treatment is crucial to successful 
rural economic development (Neal, 1994).  It is also vital to public and environmental 
health.  In order to obtain the licensure necessary to work in this field, a combination of 
education and on-the-job experience is required (Kentucky Administrative Regulations, 
2009).  However, the bulk of the water treatment industry's workforce needs in the 
United States are in remote rural areas that, even if within commuting distance to 
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community or technical colleges, rarely amount to sufficient numbers to warrant 
establishment of degree programs at local institutions.  Therefore, there is a capacity 
challenge in meeting a growing workforce demand for an industry whose needs are 
geographically dispersed and generally insufficient in numbers for sustaining localized 
academic or vocational programs. 
Although job creation was not the intended goal of the Clean Water Act, 
employment opportunities for support staff in the water treatment industry have been on 
the incline since its creation in 1972 (Goldman, 2010).  Approximately 111,000 people 
worked in the water and wastewater industry in 2006, with an anticipated 15,000 jobs 
being created in the next 10 years (Bureau of Labor Statistics, 2009).  Fifty percent of 
these water and wastewater operators are expected to retire within the next seven years 
(American Water Works Association, 2008).  Workforce issues, particularly the 
impending retirement of Baby Boomers, industry growth, and the increased competition 
for employees, have been in the top five concerns among water professionals surveyed 
over the past four years (Scalera, 2007; Runge & Mann, 2008).  The following sections 
discuss the need for opportunities in higher education among rural communities in the 
United States, as well as the many advantages and pitfalls to distance learning in these 
areas.  Specific attention is given to recent technologies such as Web-based learning and 
its accessibility issues in rural America, especially in regards to training a new drinking 
water and wastewater operations workforce. 
  
 3 
Background 
 
To date, there has been very little research conducted within the field of 
geography on the importance of Internet-based distance education in rural communities.  
However, geographic location plays a major role in access to educational resources.  
Although the use of Web-based technologies for education may allow some residents of 
rural areas to obtain educational opportunities that would otherwise be out of their reach, 
it can also exclude many others who do not own a computer or have Internet access.  
Challenges remain as to how rural students can obtain an applied science degree 
completely through distance technologies, since ‘applied’ implies some amount of hands-
on training.   
Defining Rural America 
Many people, when asked to define rural America, conjure up images of 
farmland.  However, according to the U.S. Department of Agriculture (USDA, 2007), of 
the 65 million people who live in rural America, only two million (3%) of them farm.  In 
fact, 96% of total income in rural areas is from non-farm sources (Katsinas, 2007), and 
service industries account for over half of that income (Reardon & Brooks, 2008).  Most 
jobs in rural areas are in the low-wage service or manufacturing industries (Bracken, 
2008).  The USDA defines rural as any unincorporated place with fewer than 2,500 
inhabitants (USDA).  The U.S. Census Bureau’s urban-rural classification system 
identifies two types of urban areas: Urbanized Areas (50,000 or more people) and Urban 
Clusters (2,500-49,000 people).  ‘Rural’ is any population or territory that is not included 
within an urban area (U.S. Census Bureau, 2010).  As a consequence of rural 
communities not having the robust economic structure of urban areas, incomes are 
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generally less in rural areas than in urban ones.  One upshot to this is that the cost of 
living is, on average, 15% lower in rural areas.  However, this hardly compensates for the 
wage levels being more than 25% lower for those who work outside the urban areas 
(Katsinas, 2007).  Although many people who grow up in a rural area feel a sense of 
community and would like to be able to make a living in that area, there is a point at 
which it is not economically feasible for them to do so.   
Education in Rural America 
For many students in rural America, the choice for education is not between the 
local community college and another institution.  It is between the community college 
and nothing (Katsinas, 2007).  This stark reality is based on multiple factors, including 
the cost of education, transportation issues, and the lack of emphasis on higher education 
in rural areas.  Rural communities have the largest percentage of residents (59%) who 
either did not graduate from high school, or whose highest level of education is a high 
school diploma (Cejda, 2007).  Negative influences such as isolation from support 
services and lack of infrastructure are influential factors for low student engagement in 
these areas (Mott, 2008).  Community colleges have traditionally been the most common 
means for attainment of higher education in rural areas.  As the name suggests, residents 
of a community can take college level course work without having to travel to an urban 
area.  These courses are often offered at a fraction of the cost of university tuition, and 
credits may be transferred to other institutions if needed.  For example, many community 
colleges only offer two-year associate degree programs, but have articulation agreements 
with universities that will allow a student to roll seamlessly into a four-year bachelor 
degree.  Community colleges have evolved in their use of distance learning from the 
 5 
reliance on correspondence courses and traveling instructors to technology-based 
distance learning such as video conferencing and the Internet (Cejda). 
In addition to formal education, many rural communities offer informal education 
opportunities to their residents, such as non-credit workforce training opportunities.  One 
example that emphasizes the importance of this type of education is the requirement for 
continuing education units (CEUs) in some lines of work.  Drinking water and 
wastewater plant operators are required to obtain CEUs to maintain licensure.  However, 
given the federal requirement to have a licensed operator at the plant every day of the 
year, it is difficult for operators in rural communities to travel to the nearest urban area to 
receive the needed training.  Therefore, distance education, whether in the form of 
technology (Internet, video, etc.) or a traveling instructor, is vital to these communities. 
Access to Resources in Rural America 
Although the World Wide Web is blind to politically imposed geographic 
boundaries, some physical geographies eliminate the possibility of Internet access in 
remote locations due to disproportionately high infrastructure costs.  However, great 
strides have been made by State and Federal government to appropriate funds for the 
development of such infrastructure.  One example is the development of a 
telecommunications infrastructure to one of the most isolated rural school districts in the 
country: Iditarod, Alaska.  All of the schools in this geographic region have been 
provided high-speed data transmission lines for distance education purposes (Warner, 
Deaton, & Briscoe, 1999).  Undoubtedly, this can be seen as an investment in the nation’s 
future.  Using this technology can help connect students and teachers who are separated 
by both time and space, which is particularly useful for those who work full-time and 
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cannot take traditional daytime in-classroom courses or travel to urban campuses, but 
want to further their education.  Although only about half of rural residents in the U.S. 
have residential access to the Internet (Cejda, 2007), most public libraries provide free 
Internet access to their patrons. 
One of the fundamental purposes of distance education is to support sustainable, 
place-based rural economies (Cejda, 2007).  For example, the provision of adequate 
water and wastewater treatment in a community is crucial to its successful rural economic 
development (Neal, 1994), and qualified operators are needed to operate these treatment 
plants.  Therefore, they need to have adequate access to the education and training 
required to carry out these essential functions.  Geographers are all too familiar with the 
multitude of meanings the word place can take on.  Hayden suggests that the word place 
is “one of the trickiest words in the English language, a suitcase so overfilled one can 
never shut the lid” (Hayden, 1995, p. 16).  Educators struggle with the same issues when 
it comes to pedagogy.  Some educational theorists believe in place-based education, in 
which the natural environment of the area should be taken into account in the educational 
process.  Although place-based educators commonly use the words place and community 
synonymously, their definition of place usually refers to a specific geographic setting that 
is independent of human activity (Nespor, 2008), while community is generally thought 
of as ongoing human interactions in a shared geographic location (Bracken, 2008).  For 
place-based educators, great importance is placed on people being able to live and thrive 
in their community, without the need to uproot their families in order to make a decent 
living.  This stability is crucial to place-based education, since it allows people to create 
an intimate relationship to a place.  This level of relationship allows people to develop a 
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sense of ownership in a community, and fosters engagement (Nespor).  One problem with 
place-based education, however, is that the geographic scale at which these education 
initiatives take place is often much smaller than the political or regulatory scale at which 
any issues must be addressed.  
Both physical and personal barriers exist for potential students in rural areas.  
Geographic isolation due to distance or difficult terrain can cause transportation issues for 
some students, preventing them from being able to readily access postsecondary 
educational institutions (Council for Adult and Experiential Learning, 2008).  In addition, 
several studies have found that students wish to remain in their home communities for 
post-secondary education (McMullen, 2008; Fahy, Steel, & Martin, 2009).  This, in 
conjunction with competing obligations from home and work, presents challenges to 
prospective students considering their educational choices (Fahy et al.).  These obstacles 
make it particularly difficult for non-traditional students to pursue postsecondary 
education (U.S. Department of Education, 1996). Issues of time management with 
regards to family and existing jobs, as well as financial concerns, are among the top 
reasons these students give for not continuing their education (Powers, 2010).  As 
Fincher points out (2002), these obligations often create educational barriers that affect 
long-term career choices, since these students see themselves as being limited to degree 
programs offered at their local institution, even if those programs do not lie within their 
main interests. 
In the United States, 49% of all school districts are in rural areas.  Many of these 
schools lack the services available to their urban counterparts due to economic factors 
such as limited industry and high unemployment.  Geographic isolation also minimizes 
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the professional development opportunities available to teachers in these areas (Krall, 
Straley, Shafer, & Osborn, 2009), making it harder to hire and retain qualified educators.  
Some benefits to students taking classes in rural communities include more 
individualized attention due to smaller class sizes, low turnover rates for instructors, and 
fewer discipline problems (Krall, et al.).  However, as decision makers in these areas are 
faced with the choice of constructing new facilities and hiring new faculty to 
accommodate students, many find that offering distance learning options such as online 
courses is an inexpensive alternative (Goldman, 2010).  
  
 9 
Distance Learning 
 
Availability of computers and use of the Internet in the Information Age has 
opened the educational door to an increasing number of rural inhabitants who lack 
physical access to college campuses.  Through distance learning programs, students can 
now take and receive college credit without having to drive considerably long routes or 
relocate just to pursue postsecondary education, unlocking them from the place-bound 
confines of their rural localities (Abdel-Salam, Kauffman, & Crossman, 2006).   This 
bypass of the geographic barrier to education has had a bilateral effect on the flow of 
communication.  Not only do students now have access to institutions but also the 
resources, which in many instances do not exist in rural areas (Goldman, 2010).  These 
resources could be professors or instructors who provide tutelage to the students, or 
materials such as online journal databases to which local libraries may lack access.  In 
effect, new educational pathways have been created as a result of the Internet and its 
influence on distance learning.       
Distance Learning for Nontraditional Students 
The number of students who do not enter post-secondary education immediately 
after high school, but return to school later in life, is on the rise.  Nearly 75% of students 
in higher education are considered nontraditional.  These students are more likely to be 
focused in their educational goals, and are more likely to enroll in distance learning 
courses (Powers, 2010).  The flexibility provided by distance learning courses is a key 
factor in enabling these nontraditional students to achieve their educational goals.  This 
flexibility is not only geographic, but also temporal, since the students can control the 
time and pace at which they complete the assignments (Abdel-Salam et al., 2006).  This 
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convenience accommodates many non-traditional students that would not otherwise be 
able to enroll in higher education courses due to existing responsibilities such as work or 
family. 
Continued technology development trends in the twenty-first century have opened 
many doors for distance education.  The volume of available technological resources, 
even to rural America, has had an effect on how the delivery of education is perceived by 
society.  However, there are critics that point out that some knowledge, skills, and 
abilities are best taught in person.  These individuals, such as Reardon and Brooks 
(2008), cite that a deficiency of interpersonal professional skills may develop in those 
participating in the online/distance learning system of education.  On the other hand, a 
study conducted by Fahy, Steel, and Martin (2009) concluded that regardless of 
educational background, flexibility in educational programs is critical for both 
individuals and families of individuals who engage in academic pursuits.  This flexibility 
is diminished when individuals are forced to travel long distances to obtain education.  
Further, research indicates that continuing education efforts in rural Appalachia were 
stunted in part by the difficulties posed by mountainous terrains (Krall, Straley, Shafer, & 
Osborn, 2009).  This suggests that participation would be at a maximum if some form of 
distance education system were in place, which would offer the desired flexibility in 
terms of travel and time. 
Cost Savings through Distance Learning 
In addition to travel and time, flexibility can be offered in the form of a lessened 
financial obligation for students.  One way institutions can lower costs and increase 
availability to potential students is by using free and freely available open-source 
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technologies to deliver educational content.  This non-proprietary system of education 
seeks to eliminate the socioeconomic barriers old knowledge acquisition programs 
present (Moyle, 2010).  Fundamentally, however, the question of distance education’s 
role in a complex global society continues to be one of philosophy, instead of the 
monetary or availability concerns students and researchers have voiced.  The notion of 
online education would seem to be in direct conflict with our traditional view of teacher-
pupil educational systems.  For those who adhere to traditional educational concepts, the 
classroom is a physical setting and must be in order for a successful transfer of 
knowledge to take place.  However, the needs of the students and institutions seem to be 
moving the classroom from its physical setting to what Moyle calls “simulated learning 
spaces” (Moyle, p. 42).  These locations are void of physical setting and function to 
accommodate the geographically disadvantaged. 
According to the Council for Adult and Experiential Learning (CAEL), only 20% 
of jobs in the U.S. were classified as ‘skilled’ in 1950, compared to nearly 85% today 
(2008).  This means that education or training beyond high school is required for the vast 
majority of jobs available (Powers, 2010).  Relying on America’s public institutions to 
meet this need increases the capacity burden on an already strained system.  The issue of 
institutional growth and over-capacity in America’s public institutions may be resolved 
by distance learning.  With simultaneous pressure to increase enrollment and decrease 
budgets, many universities have now turned to on-line classes as a way to decrease 
enrollment in traditional classroom settings.  This has worked to alleviate the pressures 
on programs to provide increased enrollment capabilities without physically having to 
add additional classrooms or staffing.  However, it has been acknowledged in several 
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science-oriented academic programs that these on-line classes do not provide the hands-
on experience with equipment that is necessary for a robust education (Goldman, 2010). 
Making Distance Learning Meaningful 
The introduction of the World Wide Web has opened up a whole new universe of 
possibilities in education that were unimaginable just a few decades ago.  Multiple age 
groups are using new Web applications in social networking, publishing, and 
collaboration.  The number of learning resources available to students through this 
medium can be overwhelming.  Teaching students to use information technology 
effectively is a challenge institutions are faced with, but will be a basic skill essential to 
life-long learning (Moyle, 2010).  Although not all populations in the U.S. have access to 
the Internet, the gap between those who have and those who have not is closing rapidly.  
Projections show that nearly one billion dollars will be spent on installation and 
deployment of broadband wireless technology in America each year over the next four 
years, with a doubling of the market each year (Alvarez, 2010).  Reports suggest that this 
growth has significant cultural value, due to its ability to increase the social and 
economic viability of rural communities (Alvarez). 
Traditional educational models involve students and instructors engaging with 
one another at a common location and time.  However, distance learning models such as 
Interactive Video Services (IVS) allow the students and instructor to be in separate 
physical locations and participate in real-time lectures.  Some distance learning models, 
such as web-delivered courses or correspondence courses via postal delivery or electronic 
mail, allow for separation of the space and time requirements of traditional educational 
models.  This provides flexibility for students and teachers who are not able to attend 
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traditional courses due to geographic or time constraints (Krall et al., 2009).  Although 
many critics have questioned the efficacy of distance learning, research indicates that this 
mode of delivery can be as effective as traditional classroom instruction (Abdel-Salam et 
al., 2006).  Care should be taken, however, to ensure that the learning is meaningful to 
the student, which often involves teamwork and dialogue with other students and the 
instructor (Moyle, 2010).  This can be conducted in a virtual environment through 
discussion forums and chat rooms.  Research has indicated that students with a 
disciplined, structured approach to learning are more successful in completing distance 
courses than students that require more dependence on the instructor (Krall et al.).  Other 
potential learning gaps posed by this mode of delivery include the lack of ‘hands-on’ 
experiences available to students, and the absence of immediate feedback when questions 
arise (Abdel-Salam et al.). 
Experiential Learning versus Distance Learning 
Many colleges and universities have seen the positive effects of experiential 
opportunities on their students, and have encouraged or required hands-on involvement 
through laboratory experiments, internships, service learning projects, or cooperative 
programs with industries prior to degree completion (Steffes, 2004).  In addition to these 
experiences making the students more competitive in the job market and more attractive 
to prospective employers, this work-to-job connection has also proven to translate into 
more pay, higher levels of responsibility, and more job satisfaction for the graduates 
(Steffes).  These experiential opportunities often expand beyond the standard space-
bound classroom to locations off-campus, allowing the students to test the knowledge 
they gained in the academic setting through real-world applications. 
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A hybrid delivery model, or one that combines asynchronous delivery such as 
Web courses with face-to-face interaction between students and instructors, has been 
found to be a very effective teaching strategy.  This model improves on distance 
education by supplementing the asynchronous delivery with some form of direct contact 
between teacher and learner, whether that is in the form of classroom lecture, workshop, 
or lab (Tabor, 2007).  However, this model of delivery introduces logistical complexities, 
especially for students that are outside of a reasonable driving distance from the primary 
instructor’s location.  In such situations, identifying and securing access to local points of 
presence, in addition to ensuring availability of appropriate resources (mentors, 
equipment, etc.), becomes a key component in successful delivery.  This is particularly 
important for water and wastewater operators, which are required to incorporate hands-on 
training prior to licensure. 
  
 15 
Hybrid Experiential and Distance Learning Educational Model 
 
One way to address the needs of the water and wastewater operations workforce, 
while at the same time meeting the educational needs of rural populations, would be to 
implement a hybrid experiential and distance learning educational model (HEDLEM).  
This model would integrate web-based educational components with hands-on 
experiences through partnerships with local water and wastewater treatment facilities.  
This could be accomplished by establishing a network of local points of presence that are 
linked to the institution providing the instruction via distance learning.  Traditional 
apprenticeship models rely on the experiential, or on-the-job training (OJT), component 
as the primary mode of training with one-on-one instruction being provided to 
supplement the hands-on learning.  By relying on the end users of the HEDLEM product 
(i.e., potential employers of the trainees) to serve as the points of presence for the 
experiential component, the tacit knowledge that comes from OJT can be coupled with 
the ‘book learning’ that academic instruction provides.   
This coupling of the disparate academic and practitioner realms poses unique 
logistical challenges.  Because of the dominance of the workforce needs for this industry 
being dispersed in rural areas, these challenges tend to be geographic in nature.  For 
example, the availability of a sufficient workforce recruitment pool within the vicinity of 
the workforce need is a crucial criterion for the viability of HEDLEM.  Further, access by 
this recruitment pool to online instruction and an appropriate experiential location is also 
critical.  If logistically feasible, applying HEDLEM to the water operations industry 
would work to solve two workforce priorities, addressing the workforce shortage and 
providing high school graduates with an avenue for a life-long career. 
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Operator Profile 
The typical water or wastewater operator likely entered the trade in the late 1960s 
or early 1970s looking for a job that was close to home and did not require a great deal of 
skill or training.  Operators of this generation, if asked what drives their passion for the 
industry, will most often respond that while they did not enter the industry with a desire 
to protect public health or the environment, they developed this passion early on in their 
careers (Berry, 2008).  Once individuals have entered the water operations workforce, 
they tend to stay in the occupation for twenty years or more (Kentucky Board of 
Certification of Wastewater System Operators, 2011).  The highest level of academic 
achievement for the majority of water and wastewater operators currently in the 
workforce is a high school diploma. They must be willing and able to work outdoors in 
unsafe, unclean, and uncomfortable environments.  The nature of the work is not suited 
for those who hope to work at a desk or find burden in physically demanding tasks.  Due 
to the increase in regulatory requirements and advances in treatment technologies, a 
successful operator must also have knowledge of basic science, technology, engineering 
and mathematics (STEM) concepts including chemistry and biology.  The ability of an 
operator to apply the basic principles of these educational disciplines is a must (Bureau of 
Labor Statistics, 2009).  
HEDLEM Implementation 
A key expectation of most state agencies for licensure in the water industry is 
hands-on or on-the-job experience.  In many states, including Kentucky, academic 
qualifications can substitute for some, but not all, experience requirements.  The capacity 
challenge therefore is providing sufficient experiential content within an academic 
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program being delivered to a geographically dispersed audience.  The combination of 
these core capacity challenges cannot be adequately or holistically met by traditional 
community or technical colleges.  It is hypothesized that the findings of this study will 
show that local experiential capacity exists in Kentucky within a reasonable area (20 
miles) of potential students, which will offset the deficit in experiential capacity of 
traditional distance education methods.  It is expected that a combination of on-line 
instruction and localized experiential programs, such as internship opportunities at water 
treatment plants within the student’s community, will be a viable option for operator 
education in rural areas in Kentucky. 
Although Kentucky’s geography lends itself to having isolated communities 
based on its geography, particularly in the Appalachian mountains of Eastern Kentucky, 
the state government agencies and trade associations have been successful in assisting 
many small water systems with consolidating into larger regional systems to increase 
capacity.  This is not the case in most states though, since many water systems are 
reluctant to consolidate for political reasons.  Therefore, this study’s findings for 
Kentucky may be much different than for other states in the country.  However, even 
though each state implements its own certification program for operators, most 
certifications are transferrable through reciprocity agreements with other states.  
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Data 
Geographic Information System (GIS) tools were utilized to develop multiple 
maps of the state of Kentucky, each illustrating the educational attainment of residents, 
workforce needs of the water and wastewater treatment industry, and accessibility of 
experiential and educational opportunities for potential students in this field.  The 
constants used in this study are the physical locations of the treatment plants, schools, and 
other concrete resources used to determine the viability of HEDLEM.  The independent 
variables are the radii selected to define the distances a student is willing to drive to 
obtain the necessary experience and education required to become a certified operator.  
For this study, the experiential travel distance selected is based on U.S. Census data that 
indicate an average commute for the state.  However, if this method of determining the 
independent variable is replicated in other states, the results may be significantly 
different.  For example, the average commute in North Dakota is only 15.9 minutes, but 
is 22.2 minutes in neighboring Minnesota (U.S. Census Bureau, 2008).  Therefore, the 
likelihood of overlapping resources would be greater in Minnesota due to the larger 
radius used.  The dependent variables, or the responses that are measured based on the 
independent variables, are the number of students available to fill the workforce needs 
and their ability to gain the required experiential and educational components of the 
program based on their geographic location. 
In order to develop geospatial correlations, several publicly available sources of 
data were collected and compiled.  Each source provided multiple data sets for use in 
various aspects of the study.  The data were then projected onto a base shape file of the 
state of Kentucky using GIS.  Data used for the shape file layer of Kentucky counties 
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came from the Kentucky Division of Geographic Information (Kentucky Division of 
Geographic Information, 2010).  This division of state government is charged with 
maintaining a clearinghouse of geographic information for the state, coordinating 
multiagency GIS projects, and overseeing the development and maintenance of statewide 
base maps.  According to the metadata associated with the counties shape file layer, the 
county boundaries are distributed as lines and as polygons in shape file format.  For the 
purposes of this study, data were represented on maps created using the North American 
Datum 1983 coordinate system, and projected onto the Kentucky State Plane FIPS 1600, 
which utilizes feet as the linear unit of measurement. 
The percentage of households with broadband access by county was taken from a 
2007 study conducted by ConnectKentucky (ConnectKentucky, 2007).  These 
percentages were added to the aforementioned Kentucky base shape file and displayed 
using a graduated colors symbology.  According to this study, the percentage of 
Kentucky households that had the ability to subscribe to broadband increased from sixty 
to ninety-one percent between 2004 and 2007.  This study is conducted annually as an 
indicator of progress toward the availability and adoption of broadband Internet services 
by households in Kentucky.  ConnectKentucky’s mission is to accelerate technology 
growth in the state to support education and other sectors vital to community and 
economic development (ConnectKentucky, 2011).   
Data on the number of certified operators in the state were obtained from the 
Kentucky Division of Compliance Assistance (KDCA, 2010).  Through a Freedom of 
Information Act request, a listing of the name, address, and license type of all active 
operators as of July 23, 2010 was acquired.  KDCA is a division of Kentucky’s Energy 
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and Environment Cabinet, and its Certification and Licensing Branch is charged with 
administering the certification process for operators in the state. 
The locations of all campuses within the Kentucky Community and Technical 
College System (KCTCS) were collected from the Colleges and Campuses page of the 
KCTCS website (KCTCS, 2010).  KCTCS is comprised of sixteen colleges with 68 
campuses across the state.  Street address information was translated into latitude and 
longitude to create a GIS layer of these locations.  The locations of drinking water and 
wastewater treatment plants, along with their maximum rated capacities and average 
daily flows in million gallons per day (MGD), came from the Kentucky Water Resource 
Information System (WRIS) stored on the Kentucky Infrastructure Authority’s website 
(Kentucky Infrastructure Authority, 2011).  The WRIS Portal is designed to bring 
together information from multiple water-related sources including water and wastewater 
treatment systems and local, regional and state agencies.  The Portal is linked to 
databases at the Kentucky Department of Water, Kentucky Department for Local 
Government, the Kentucky Public Service Commission, and the Kentucky Infrastructure 
Authority, among others.  It provides much of the information needed for all aspects of 
water resource planning, from watershed protection to infrastructure development. The 
WRIS includes GIS layers, information on water resources, drinking water systems, 
wastewater treatment systems, project development, emergency response, regulations, 
and planning.  The GIS contains data for water and wastewater treatment facilities, water 
lines, water sources, storage facilities, sewer lines, and a database of non-spatial systems 
information.  The information is a compilation of work performed by Kentucky's Area 
Development Districts and the WRIS staff.  All geospatial data are projected to the 
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Kentucky Single Zone Coordinate System.  Several wastewater treatment plant capacity 
data were reported in gallons per day rather than MGD.  These numbers were converted 
to MGD for use in this study.   
Target age populations by county were gathered from the U.S. Census Bureau’s 
American Fact Finder (U.S. Census Bureau, 2008).  According to the Census Bureau, the 
Population Estimates Program prepares estimates of the total population, estimates of the 
population by age, sex, race, and Hispanic origin, and estimates of the number of housing 
units.  The 2008 population estimates start with a base population for April 1, 2000 and 
calculate population estimates for July 1 for years 2000 to 2008. The population estimates 
use a variety of administrative records data to measure the population change including 
data on births, deaths, migration, and housing units.  Originally the data were subdivided 
into two categories on the Census Bureau website (ages 15-19 and 20-24).  These values 
were added together to form the age group 15-24 and added to the attribute table of the 
Kentucky county shape file.  Levels of educational attainment among adults in the state 
were obtained from the U.S. Department of Agriculture’s Economic Research Service 
(ERS; U.S. Department of Agriculture, 2011).  ERS’s research assists with informed 
public and private decision making on economic and policy issues involving agriculture 
and rural development.  This county-level data set is based on residents 25 years of age 
and over.  
Data regarding recent graduation rates for Kentucky were obtained from the 
Kentucky Department of Education (Kentucky Department of Education, 2011).  These 
data sets include all public secondary institutions within the Commonwealth.  Graduation 
statistics and post-graduation status for the Class of 2009 were used for this study.  
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Values for school districts within each county were added together and the total number 
of graduates per county was divided by the total number of students within that county’s 
class, yielding an estimated graduation rate for the county. 
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Methodology 
 
Two parallel approaches were taken to support the hypothesis that a combination 
of on-line instruction and localized experiential programs is a viable option for operator 
education in rural areas in Kentucky.  The first approach involved assessing the 
effectiveness of traditionally delivered programs through the KCTCS network.  The 
metric used for this approach was the estimated enrollment at any given community 
college campus in Kentucky based on the workforce need generated by attrition rates at 
water and wastewater treatment facilities within a predefined distance of that location.  
This enrollment figure was evaluated against a minimum annual enrollment needed in 
order to make the program financially viable.  The second approach involved assessing 
the size of the potential recruitment pool within reasonable travel distances of 
experiential sites (i.e., water and wastewater treatment facilities).  Sizing the recruitment 
pool involved using population statistics (predetermined target age and higher education 
achievement) and availability of broadband Internet.  In addition to enrollment numbers 
driving financial viability, the primary logistical constraint of HEDLEM is access to 
experiential sites.  Therefore, viability of HEDLEM can be assessed in terms of the 
statewide annual enrollment potential, and the availability of potential students in the 
vicinity of the workforce need (experiential site).  Both approaches were represented 
visually using geospatial techniques in order to determine the validity of the hypothesis. 
Determining the Viability of Community College Campuses to Serve Water and 
Wastewater Workforce Needs 
In order to evaluate the viability of the KCTCS campus network to serve the 
state’s water and wastewater workforce development needs, a four-step process was 
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employed.  The first step involved establishing the estimated educational travel distance 
(EduTD) students would be willing to commute to community college campuses in 
Kentucky.  For the purpose of this study, it is assumed that the average student would be 
willing to drive up to 40 miles to pursue postsecondary education.  This rationale is based 
on education adding life-long value to a student’s career, as opposed to work 
opportunities that tend to have more of an immediate benefit.  The second step involved 
estimating how many water and wastewater treatment facility jobs would be available 
annually at each facility.  This number (referred to as FJ30) was calculated by dividing 
the total number of state-certified operators in each category (water and wastewater) by 
the state’s total facility capacity (in MGD) to determine the average number of operators 
required per MGD.  This ratio was applied to each facility based on its capacity (in 
MGD) to determine the number of operators needed at that facility.  That number was 
then divided by the number of years the average operator is expected to remain in the 
trade, yielding the FJ30 for each facility.  An informal survey conducted by the Kentucky 
Division of Compliance Assistance (KDCA, 2011) revealed that the majority of operators 
envisioned that the average operator in Kentucky remained employed in the industry for 
21-25 years.  Personal communication with the Kentucky Board of Certification of 
Wastewater System Operators (KBCWSO, 2011), comprised primarily of supervisors 
and managers, indicated that the majority of operators remained in the industry through 
retirement.  Based on this information, a 30-year timeframe was used for the purposes of 
this study.  For the third step, the FJ30 for each facility was then apportioned equally 
between all KCTCS campuses within whose EduTD the facility laid in order to determine 
the estimated number of facility jobs available annually within the vicinity of each 
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community college campus (referred to as CCFJ).  Using GIS, a map layer was created 
and graduated circles were used to symbolize the potential need for a water operations 
workforce development program at each KCTCS campus. 
The viability of traditionally delivered workforce development programs through 
community colleges can be defined in terms of both financial and operational criteria.  
Financial viability is defined by the institution’s ability to recoup sufficient revenues 
based on the instructional program’s income (tuition, state appropriations, etc.) to offset 
its operational cost.  While there are many factors that go into this assessment, the most 
common indicator of a program’s viability is whether or not it meets a predetermined 
minimum class size, based on a traditional delivery method (MCS-TD).  This is the 
smallest number of students needed per class in order to make a course delivered via 
traditional in-person classroom mode viable.  This number varies based on institutional 
and instructional cost, but rarely falls below five students.  Most institutions of higher 
education target class sizes of 20 students or more.  Operational viability is defined as the 
ability of a campus to offer the program based on pedagogical and logistical criteria.  For 
the purposes of this study, it is assumed that no KCTCS campus is limited by availability 
of resources (appropriately credentialed faculty, equipment, facilities, etc.).  As a result, 
the primary indicator for operational viability is deemed to be the ability of the enrolled 
students to access the experiential component required by the water and wastewater 
industry.  Therefore, step four in evaluating the viability of the KCTCS campus network 
to serve the state’s water and wastewater workforce development needs involved 
comparing the CCFJ of each campus in Kentucky to the MCS-TD to determine if there 
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would be enough industry need in the vicinity of each community college in order to 
sustain a degree program. 
Determining the Viability of HEDLEM to Serve Water and Wastewater Workforce 
Needs 
The viability of HEDLEM to serve water and wastewater workforce needs can be 
defined in terms of the availability of a sufficient workforce recruitment pool within the 
vicinity of the workforce need, and access by this recruitment pool to online instruction 
and an appropriate experiential location.  For the purpose of this study, the ‘vicinity of 
the workforce need’ is defined as a 20-mile radius around each water and wastewater 
treatment facility, labeled as the experiential travel distance (ExpTD).  This distance is 
based on the mean travel time to work for Kentucky residents of 22.4 minutes, according 
to the U.S. Census Bureau (2008).  In Kentucky, the need to travel more than 20 miles 
each way may be a deterrent to potential students, since the time and costs associated 
with the commute may begin to outweigh the benefits of a potential job if this length is 
exceeded.  One factor in estimating the recruitment pool is determining the target age 
range (TAR) population for this educational program.  The TAR is defined as the age 
range of the population from which the typical student is likely to be recruited.  
Consistent with the broader goal of transforming the industry from a “trade of last resort 
to a profession of choice” (Ernest, 2008), a key objective in applying HEDLEM to water 
and wastewater operations is to evolve the managerial class to be more receptive to the 
career advancement aspirations of today’s generation of youth.  Recruiting from this 
generation and accommodating their career advancement needs will ensure a sustainable 
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workforce.  For the purposes of this study, the TAR is defined as the population from 15 
to 24 years of age. 
The area-weighted fraction of the TAR population in each county that falls within 
the ExpTD radius of each water and wastewater treatment facility was summed to result 
in the TAR population that forms the basis of the recruitment pool for each facility.  To 
more accurately identify the recruitment pool for this type of on-line, college-based 
program, the TAR population was further narrowed by applying the county-specific 
population percentage with broadband access, as well as the county-specific population 
percentage of individuals with at least some college experience.  Summing these numbers 
for each county results in a more realistic pool of potential students that fit the TAR, have 
broadband Internet access to take online courses, and are likely to be interested in a 
college education.  Using GIS, these numbers were represented visually on a per-county 
basis using shading to indicate locations where HEDLEM would be feasible.  
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Results 
 
Geography of Kentucky 
The total population of Kentucky is 4.3 million (U.S. Census Bureau, 2009), with 
56.7% in metropolitan areas (Rural Policy Research Institute, 2006).  Kentucky’s 
physiography is diverse, ranging from the floodplains of the Mississippi River in the far 
western portion of the state to the Cumberland Plateau in the eastern portion of the state, 
with the rolling hills of the Bluegrass Region in between.  Mountain ranges in the 
Cumberland Plateau (Appalachian) region have historically caused physical isolation in 
this portion of the state.   
 
Figure 1.  Physiographic map of Kentucky, with county names labeled. 
 
The major urbanized areas of the state include Lexington, Louisville, and the 
Cincinnati-Metro area of Covington-Newport.  The population density per square mile by 
county in Kentucky is presented in Figure 2. 
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Figure 2.  Population density per square mile by county in Kentucky, with major urban areas 
labeled. 
 
Locations of Potential Experiential Sites 
Wastewater and drinking water treatment plants serve as locations of potential job 
opportunities for a trained workforce.  These facilities are typically geographically 
distributed with population.  In Kentucky there are 218 drinking water treatment plants 
with a combined rated capacity of approximately 586 MGD, and 264 wastewater 
treatment plants with a combined rated capacity of approximately 323 MGD (Kentucky 
Infrastructure Authority, 2011).  The locations of drinking water and wastewater 
treatment plants in Kentucky, and their capacities in MGD, are presented in Figure 3 and 
Figure 4.  In general, the capacities of treatment facilities tend to mirror local population 
densities.   
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Figure 3. Location of drinking water treatment plants in Kentucky and their capacity in million 
gallons per day. 
 
 
 
Figure 4.  Location of wastewater treatment plants in Kentucky and their capacity in million gallons 
per day. 
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Anticipated Workforce Need 
Every water treatment plant in the United States that regularly serves at least 25 
customers is required to have a certified operator.  There are 1,988 licensed drinking 
water operators and 1,737 licensed wastewater operators in Kentucky.  The number of 
drinking water and wastewater operators per county in Kentucky ranges from two to 133, 
as illustrated in Figure 5.  These numbers appear to be correlated with both population 
density and facility capacity.  
 
 
 
Figure 5.  Total number of licensed drinking water and wastewater treatment plant operators per 
county in Kentucky. 
 
An estimate of the number of operators required at each treatment facility can be 
derived by dividing the total number of operators in Kentucky by the combined rated 
capacity of each type of facility.  For drinking water facilities, this is approximately 3.4 
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operators per MGD, and for wastewater, 5.4 operators per MGD.  This is consistent with 
facility data collected in a redundancy design practices survey (Palmer, Ross, & Jank, 
2003).  Applying these ratios to the capacity of each facility (Figure 3 and Figure 4) 
results in an estimate of the number of existing jobs at each facility.  Dividing this 
estimate by the 30-year work span results in the FJ30 values presented in Figure 6 and 
Figure 7.  The larger FJ30 numbers, indicating a higher number of anticipated jobs 
available annually at that facility, are located in urbanized areas.  Conversely, the bulk of 
the total number of anticipated vacancies are distributed in smaller numbers (smaller 
FJ30 values) throughout the rural areas. 
 
 
Figure 6.  Anticipated number of drinking water operator job vacancies annually at each facility. 
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Figure 7.  Anticipated number of wastewater operator job vacancies annually at each facility. 
 
Looking at this from the county perspective, the majority of the counties in the 
state are expected to have only one water operator vacancy or less per year (Figure 8). 
 
 
Figure 8.  Anticipated number of drinking water and wastewater job vacancies annually by county in 
Kentucky. 
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Educational Achievement Levels in Kentucky 
The minimum educational level required for certification in the water or 
wastewater industry is a high school or general education diploma.  This is also the 
minimum admission requirement for institutions of higher education.  The percentages by 
county of Kentucky residents over age 25 who have not completed high school, as 
determined during the 2000 Census, is displayed in Figure 9.  Southeastern Kentucky 
lags well behind the rest of the state in terms of high school graduates.  High school 
completion is more prevalent in highly populated areas (U.S. Department of Agriculture, 
2011), and is significantly depressed in Eastern Kentucky.  Although, there are counties 
in Central and Western Kentucky where more than 40 percent of the population has not 
completed high school.  Typically, counties with the highest percentage of high school 
graduates occur along the Ohio River and the Louisville-Lexington Corridor.  This 
reflects the statewide geographic disparities in high school completion, which is critical 
to filling workforce need and defining the potential for recruitment into a college 
HEDLEM program. 
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Figure 9.  Kentucky population over 25 years of age with less than a high school education. 
 
However, great strides have been made to increase high school graduation rates 
throughout the state.  Recent high school graduation rates by county in Kentucky range 
from 71 to over 97 percent (Kentucky Department of Education, 2010), and do not appear 
to be correlated to the physiography or population densities of the state (Figure 10). 
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Figure 10.  Percent of the senior class of 2009 who graduated from high school, by county in 
Kentucky. 
 
Of the 2009 high school senior body, between 16 and 88 percent of students per 
county transitioned to college after graduation (Figure 11).  An additional five to 25 
percent per county transitioned to a vocational or technical school (Figure 12).  Counties 
with institutions of higher education, and adjacent counties, see the highest rate of 
articulation to college, while transition to vocational and technical schools is lowest in the 
southeast portion of the state. 
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Figure 11.  Percent of the senior class of 2009 who transitioned to a 4-year academic institution, by 
county in Kentucky. 
 
 
 
Figure 12.  Percent of the senior class of 2009 who transitioned to a vocational or technical school, by 
county in Kentucky. 
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Viability of Community College Campuses to Serve Water and Wastewater Workforce 
Needs 
Community colleges serve as the traditional location-based education and training 
providers for a concerted workforce development effort.  Community colleges are 
geographically dispersed, but tend to be located in areas of higher population density.  
There are 68 campuses within the Kentucky Community and Technical College System 
(KCTCS, 2010) that have the potential to provide workforce development programs for 
the 482 water and wastewater treatment facilities in the state.  The total enrollment of all 
KCTCS campuses is 100,348 (KCTCS), compared to the total population of the State of 
Kentucky, which is 4.3 million (U.S. Census Bureau, 2009).  The number of students that 
are within both the TAR and the EduTD of each KCTCS campus in the state is illustrated 
in Figure 13. 
 
 
Figure 13.  Target-age population within a 40-mile radius of each community college campus in 
Kentucky. 
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The estimated number of drinking water and wastewater operator vacancies 
anticipated annually within the EduTD of each community college (CCFJ) is illustrated 
in Figure 14 and Figure 15.  Each symbol represents the location of a community college 
campus, and its size reflects the CCFJ value.  For wastewater operator jobs, no single 
campus exceeds a CCFJ of two.  For drinking water jobs, the maximum CCFJ value does 
not exceed five.  This is significant in that a traditional educational program would not be 
sustainable at any one campus, based on these annual enrollment figures.  It is possible 
for campus enrollments to be consolidated at one location to increase annual enrollment, 
especially in the Louisville/Lexington area for drinking water programs.  However, this 
would increase the travel distance (EduTD) required of each student, making this 
traditional delivery method less attractive.  Further, the higher CCFJ numbers tend to be 
in high population areas, leaving the more rural areas at an added disadvantage.  This is 
particularly true for drinking water operations, as apparent by the greater percentage of 
low CCFJ numbers outside of the urban areas of Louisville and Lexington (Figure 14). 
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Figure 14.  Anticipated number of drinking water operator job vacancies annually within the EduTD 
of each community college campus in Kentucky (DW CCFJ). 
 
 
 
Figure 15.  Anticipated number of wastewater operator job vacancies annually within the EduTD of 
each community college campus in Kentucky (WW CCFJ). 
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As illustrated above, the estimated annual enrollment at any given KCTCS 
location in the state would not be large enough to make each program economically 
viable (Figure 14 and Figure 15).  The values derived for both the drinking water and 
wastewater operations needs of the population surrounding each community college were 
added together to form a conglomerated map (Figure 16), which demonstrates the 
recruitment potential for less focused academic programs attempting to serve the 
disparate educational needs of both water and wastewater operations.  Combining 
potential enrollment of these two program areas still creates a maximum CCFJ of less 
than seven at each individual community college, which does not satisfy the MCS-TD.  
Consolidation would also increase the EduTD for many of the students, making it less 
attractive.  Although the physical proximity of some of the campuses would allow for 
consolidation of the programs without dramatically expanding the EduTD, this still 
would not provide adequate enrollment to fulfill the MCS-TD for rural areas of the state. 
 
Figure 16.  Estimated number of drinking water and wastewater jobs combined that are available 
annually within the EduTD of each community college campus in Kentucky. 
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Viability of HEDLEM to Serve Water and Wastewater Workforce Needs 
The 20-mile ExpTD radius around each drinking water and wastewater treatment 
facility in Kentucky was mapped, demonstrating full coverage across the state for both 
types of facilities.  This suggests a potential for the viability of HEDLEM to provide the 
required experiential component to students, regardless of where they live in the state, as 
they would be able to gain their applied instruction by traveling 20 miles or less from 
their home.  With feasibility of access to their experiential component being 
demonstrated, the key remaining aspect of workforce training is delivery of academic 
instruction. 
It is evident that higher populations within the TAR are present in counties with 
urban areas and, consequently, in areas with institutions of higher education (Figure 17).  
The populations in the TAR vary dramatically by county, ranging from 278 to 87,935.  
There are regions within Kentucky in which multiple adjacent counties show a low TAR 
value, particularly in the Appalachian region of the state.  These regions are the most 
likely to exhibit insufficient recruitment pools for both the HEDLEM and traditional 
classroom models. 
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Figure 17.  Map of population ages 15-24 by county in Kentucky. 
 
At least 12 percent of households in every county of the state have broadband 
Internet access, and this coverage appears to have few geographic restrictions, with at 
least a quarter of the households in most counties having access (Figure 18).  Sixty-five 
percent of all Kentucky adult residents have Internet access at home (ConnectKentucky, 
2007).  Of these 2.1 million individuals, 15% (315,000) report that they have used the 
Internet for taking online classes.  A gross estimate of the pool of potential HEDLEM 
students for the water and wastewater industry can be derived by first determining the 
workforce/population proportion (WPP) of the state.  This can be calculated by dividing 
the number of certified operators in the state by the state’s total population: 3,429/ 
4,314,113 = 0.0008.  The WPP is an estimate of the potential of a Kentucky resident to 
enter the water and wastewater operator workforce, and also serves as an estimate of the 
potential number of individuals interested in this industry as a career path, since job 
availability plays a major role in the occupational selection process.  The WPP can then 
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be multiplied by the number of residents reporting having taken on-line classes: 0.0008 x 
315,000 = 252.  This can be compared to the projected workforce needs of the industry: 
3,429 current jobs divided by a 30-year tenure equals approximately 114 new jobs needed 
each year.  Therefore, at a gross scale, the pool of potential HEDLEM students would 
more than satisfy the current workforce needs for this industry.  However, these numbers 
will be applied at a finer resolution (county level and proximity to experiential site), and 
be adjusted for educational achievement in order to account for geographic variability. 
 
 
Figure 18.  Percentage of households with broadband Internet by county in Kentucky. 
 
The data from Figure 17 and Figure 18 were combined to depict the total 
population, by county, of individuals who meet both the TAR and have broadband 
Internet access (Figure 19).  With the exception of access to the experiential component, 
these reflect the minimum requirements necessary to take advantage of HEDLEM.  
Again, these numbers tend to be geographically distributed based on general population 
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densities, with lower numbers in rural areas.  The pool of potential students ranges from 
64 to 48,364 per county.  The smallest percentage of county populations that have at least 
some college experience is approximately 15% (U.S. Department of Agriculture, 2011).  
Applying this percentage to Figure 19 results in the smallest possible county pool of 
individuals within the TAR that are likely to have broadband Internet access and attend 
college: 64 x 15% = 10 individuals.  These county pools should be apportioned to 
account for acceptable driving distance to utilities (ExpTD) in order to more accurately 
reflect the number of available students, consistent with HEDLEM. 
  
 
Figure 19.  Number of Kentucky residents within target age that have broadband Internet access. 
 
The county population pools depicted in Figure 19 were adjusted by the county-
specific percentage of the population that has historically attended college.  This 
adjustment, depicted in Figure 20, results in a more realistic estimate of the smallest 
possible county pool of individuals within the TAR that are likely to have broadband 
 46 
Internet access and attend college, with a county-specific pool ranging from 10 to 13,542 
individuals.  The initial expectation would be that counties with lower percentages of 
broadband Internet access would also be the counties with lower percentages of college 
attendance. However, the low end of this county-specific pool range is consistent with the 
previous estimation. 
 
 
Figure 20.  Target age population with Internet access and some college experience by county in 
Kentucky. 
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Summary of Results 
 
Using a variety of demographic and industry data, including population age, 
utility capacities and locations, community college locations, educational achievement, 
and broadband Internet access, a geographic analysis was conducted to assess the 
viability of traditional delivery and the HEDLEM workforce development models in 
Kentucky.  Although this visual analysis indicates that population density is the dominant 
indicator for most of the parameters used in this study, the bulk of the workforce needs in 
the state are distributed throughout rural areas with lower population densities.  While the 
number and geographic distribution of community colleges in the state would appear to 
support the viability of campus-based workforce development programs, this study 
demonstrates the limitations of this model in addressing the needs of the water and 
wastewater workforce, where a significant workplace-associated experiential requirement 
exists.  This limitation is exaggerated in rural areas, which have a demonstrated statewide 
need. 
Based on the analysis of the data collected, several findings were determined to be 
significant.  There are counties in Kentucky where more than 40% of the population has 
less than a high school diploma, which is a minimum requirement for operator licensure 
in the state.  The potential for high school completion is likely to have an impact on the 
size of the recruitment pool regardless of the delivery mode used.  A lack of geographic 
proximity between community college campuses and treatment facility locations would 
inhibit concurrent access to both the educational and experiential requirements in some 
areas.  Therefore, as clearly demonstrated in Figure 14 and Figure 15, there would not be 
a large enough labor need in the vicinity of any one KCTCS location to generate 
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sufficient annual enrollment to make each program economically viable on its own using 
the traditional delivery method.  If programs were consolidated to increase enrollment 
numbers and sustainability, the EduTD would increase for many of the students, making 
it less attractive.  Although access to broadband Internet varies widely across the state, 
overall, nearly two-thirds of all adults in Kentucky have access at home.  However, 
greater availability in rural areas would increase the HEDLEM recruitment pool in the 
most educationally underserved areas.  With a minimum county-level recruitment pool of 
ten students (Figure 20), the pool of potential students available for HEDLEM is more 
than adequate to fulfill the long-term water and wastewater workforce needs in the state.  
Since operator certification is transferrable to other states via reciprocity agreements, this 
model could also serve as a workforce development tool for other areas of the country. 
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Conclusions 
 
The concept of HEDLEM described in this study leverages the geographically 
dispersed nature of the workplace locations, while taking advantage of the geographically 
indiscriminate nature of distance learning to provide an integrated instructional and 
experiential workforce development program.  This study indicates that a sufficient 
recruitment pool exists for the program based on the anticipated needs of the industry.  
This study’s hypothesis, that a combination of on-line instruction and localized 
experiential programs is a viable option for operator education in rural areas in Kentucky, 
appears to be validated based on the analysis of available data.   
With the validation of HEDLEM for provision of education to the water 
operations industry in Kentucky, this model could potentially be replicated nationwide, 
and adopted by educational institutions throughout the country to provide the necessary 
experiential components through local utilities.  Eventually, it is anticipated that the 
regulatory agencies in the schools’ respective states will recognize these programs as 
adequate training and education to gain licensure in the industry.  With time, this 
progression would hopefully elevate the perception of water treatment operations from 
menial trades to respected environmental health professions.  Public health and the health 
of the nation’s waterways depend on these individuals, and qualified operators are needed 
not just in urban areas, but in rural ones as well. 
In addition to the water industry, HEDLEM could be extrapolated for use in other 
career fields that require both an experiential and educational component, particularly in 
geographic areas where distance learning is a viable option.  Such programs could 
provide efficiencies in educational resources, as well as added benefits to students who 
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are able to make lasting connections with their internship providers, potentially leading to 
additional networking opportunities and permanent employment.  HEDLEM could 
therefore be a viable model for multiple occupations to fill workforce needs that are 
geographically dispersed. 
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APPENDIX 
 
Definitions 
 
Community College Facility Jobs (CCFJ) 
This is the estimated number of water and wastewater operator jobs available 
annually within the EduTD of each community college.  For each community college 
campus, the FJ30 value for each water or wastewater facility within its EduTD radius was 
combined to derive its CCFJ.  For facilities falling within the EduTD of multiple 
community colleges, the FJ30 value was apportioned equally. 
Educational Travel Distance (EduTD) 
For the purpose of this study, it is assumed that the average student would be 
willing to drive up to 40 miles to pursue postsecondary education.  Part of the rationale is 
based on education adding life-long value to a student’s career, as opposed to work 
opportunities that tend to have more of an immediate benefit.  For educational 
opportunities that also have an experiential component, students are likely to travel 
further distances than the 20 miles defined below. 
Experiential Travel Distance (ExpTD) 
According to the U.S. Census Bureau (2008), the mean travel time to work for 
Kentucky residents is 22.4 minutes.  Translated to miles, this is approximately 20 miles if 
traveling between 50-55 miles per hour.  For this study, it is assumed that a potential 
operator would be willing to drive 20 miles to obtain the experience needed for licensure.  
In Kentucky, the need to travel more than 20 miles each way may be a deterrent to 
potential students, since the time and costs associated with the commute may begin to 
outweigh the benefits of a potential job if this length is exceeded. 
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Minimum Class Size - Traditional Delivery (MCS-TD) 
This is the smallest number of students needed per class in order to make a course 
delivered via traditional in-person classroom mode viable.  This number varies based on 
institutional and instructional cost, but rarely falls below five students.  Most institutions 
of higher education target class sizes of 20 students or more.   
Target Age Range (TAR) 
The target age range is defined as the age range of the population from which the 
typical student is likely to be recruited.  Consistent with the broader goal of transforming 
the industry from a “trade of last resort to a profession of choice” (Ernest, 2008), a key 
objective in applying HEDLEM to water and wastewater operations is to evolve the 
managerial class to be more receptive to the career advancement aspirations of today’s 
generation of youth.  Recruiting from this generation and accommodating their career 
advancement needs will ensure a sustainable workforce.  For the purposes of this study, 
the TAR is defined as the population from 15 to 24 years of age. 
30-Year Facility Jobs (FJ30) 
This is the estimated number of water or wastewater operator jobs available 
annually at each facility.  The total number of certified operators in each category (water 
and wastewater) was divided by the total facility capacity (in MGD).  This number, an 
estimate of the average number of operators required per MGD, was then divided by the 
number of years the average operator was expected to remain in the trade.  An informal 
survey conducted by the Kentucky Division of Compliance Assistance (KDCA, 2011) 
revealed that the majority of operators envisioned that the average operator in Kentucky 
remained employed in the industry for 21-25 years.  Personal communication with the 
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Kentucky Board of Certification of Wastewater System Operators (KBCWSO, 2011), 
comprised primarily of supervisors and managers, indicated that the majority of operators 
remained in the industry through retirement.  Based on this information, a 30-year 
timeframe was used for the purposes of this study. 
Workforce Population Proportion (WPP) 
The workforce population proportion is an estimate of the potential of a Kentucky 
resident to enter the water and wastewater operator workforce.  This estimate is 
calculated based on the total number of current operators in the workforce (KDCA, 2010) 
divided by the total population of Kentucky (U.S. Census Bureau, 2009): 3,429 / 
4,314,113 = 0.0008. 
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